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I. INTRODUCTION
A complete assessment of water quality consists of three components: 1) hydrodynamic features, related with a hydrological cycle system of the water body; 2) physical & chemical properties, determined by the climatic, geomorphological and geochemical conditions; and 3) biological characteristics, governed by a variety of environmental conditions as well as the physiological performance of individual organisms [1] .
Compared to traditional lab-based water quality monitoring, the real-time water monitoring with specific sensors is easier, more high-efficiency and less fresh supplies required [2] . Real-time remote monitoring of water quality: a review of current applications and advancements in sensor, telemetry, and computing technologies, the real-time remote monitoring (RTRM) and sensing technologies have a great future to evaluate water quality [3] .
For modern water quality monitoring, mathematical modelling is a powerful tool to assess water quality of complex real world with the computer. The model reflects physical, chemical and biological processes, as well as the interaction of the influencing factors. Take an example of the Water Quality Analysis Simulation Program Version 4 (WASP4), it can be used to analyse many water quality problems in different types of water body [4] .
In this project, three main parameters are obtained to evaluate water quality: acceleration, angular velocity, and magnetic field strength. There are total 3 stages of the project process as Fig. 1 .
Acceleration and angular velocity can be used to apply in hydrodynamics to build up the physical model of water quality. Take an example of acceleration, the material derivative can be calculated by acceleration as
where -.
-/ represents the substantial derivative of q or the derivative following the motion, and
represents time differentiation of at a fixed point in space [5] .
Magnetic field strength is an important parameter to detect nitrates and contamination of water [2] . In the principle of electromagnetic current meter as Fig. 2 , the magnetic field strength is used to calculate velocity in pipes as Eq. 1 [6] u = 3 4 5 6 78 9 (2) where ; is the electromagnetic force generated (Volts), = the magnetic field strength (Tesla), the pie diameter, and @ , a dimensionless discharge coefficient.
II. SMART MULTI-SENSORY BALL
The main purpose of this project efforts is to design and implement the first multi-sensor equipment to simultaneously measure and remotely monitor acceleration, angular velocity, magnetic field strength and other physical parameters in an application, such as the direction of water flowing. Because the technology of modern water quality monitoring is encouraged in processing data by computer rather than human, the smart multi-sensor ball could transmit data to the computer and visualizes directly, eliminating steps of transferring data. It will have great development potential in the water quality monitoring area.
There are 3 stages for data processing. The first stage is that every parameter is received by IMU (JY901) as 8-bit data. Take an example of acceleration, the data bit with the specification of each bit as Table I .
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The second stage is communication. The data is directly transferred to HC-12 because both JY901 and HC-12 support Transistor-transistor logic (TTL), a logic family built from bipolar junction transistors (BJT). Afterward, the data is transferred between two HC-12 through wireless communication. Then the data is converted from TTL to USB to be read by Computer through TTL-USB Converter.
The data bit is extracted and calculated. Then every parameter is shown on the software interface with charts in the real time. Also, take an example of Acceleration, the calculation formulas are as follows:
Sum = 0x55 + 0x51 + AxH + AxL + AyH + AyL + AzH + AzL + TH + TL
The last stage is showing real-time data and plots in the software interface. The interface used in this paper is the commercial version. It is stable with fast calculation speed.
III. DESIGN AND FABRICATION
First of all, in the process of water quality assessment, the designed equipment is placed on the water surface or underwater to measure physical parameters of water body being tested. In order to keep every part works normally over a period, every electronic component should be kept in a dry and stable space, the case needs to be designed to perfectly match with every component with good waterproofness and durability.
3D printing refers to the fabrication of a physical, 3D part of arbitrary shape directly from numerical description (typically a CAD model) by a quick, totally automated, and highly flexible process without any tooling [7] . The basic 3DP process consists of following steps [8] 
Clean and finish the model.
The success method for rapid prototyping of sensor component enclosures makes it possible to design 3D-printing cases to preserve electronic components, especially the sensor from damage in continuous normal operation conditions [9] [10] [11] [12] [13] [14] .
To gain the final ideal 3D-printing model, it is estimated to print 2-3 times. According to the above conditions, customizable Stereo Lithography Apparatus (SLA) 3D-printing model is a good choice with lots of advantages such as accessible, cheap, high-precision and so on.
In order to keep electronic component away from water and stress, the design of 3D-printing model will take a new method to the exact fit of a void and avoid any electronic components relative sliding compared the inner case or outer case as Fig. 3 [6] .
The 3D-printing case includes four parts: two inner cases (Inner Case A&B) and two outer cases (Outer Case A&B) as in Fig. 4 . Inner case A is placed Microcontroller (mbed NXP LPC1768) and sensor (JY901). Inner case B leaves a space for battery box (includes 2 button cells) and communication chip . The Outer case A&B are used to support and protect inner cases from damage and water.
IV. EXPERIMENTAL RESULTS

A. Acceleration
The experimental results of the pulling water with a hand to the X, Y and Z directions is illustrated in the Fig. 5(a) -5(c), respectively.
B. Angle Velocity
Rotate the ball on the x-y axis plane as Fig. 6 . Angle Velocity changed when pulled water in the z-axis. 
C. Magnetic Field Strength
A magnet is placed in the X direction, the Y direction, and the Z direction in proper order as Fig. 7 .
V. CONCLUSION
In this paper, the smart multi-sensor ball successful measure the acceleration, angle velocity, magnetic field strength and angle on the water surface in real time. And every parameter in three-dimensional space (x-axis, y-axis, and z-axis) was printed on the interface with plots.
But it still needs some future works: First, the split joint between cases can be designed more closely in another way, e.g. screw thread. Because of the redundant space of mbed, the remaining elements can be arranged less closely. For example, put sensor and communication chip in the same inner case while putting the battery in another inner case.
Second, the connection of the jumper is not very strong to make data transmission unstable. It could be better to buy a crimping plier to firmly fix line and terminal. In the case of excess space, try not to connect directly to the circuit, but to add the jumper for easy testing.
Third, the measurement of physical parameters is not enough for a water quality monitoring start multi-sensor ball. So maybe more sensors with other functions such as detecting chemical materials should be work together to get more useful information to do water quality assessment. Figure 6 . Angle Velocity changed when pulled water in the z-axis Figure 7 . Magnetic field strength changed when put a magnet in the x-axis, y-axis, and z-axis.
